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The invention concerns a surgical probe comprising a handle and a shaft 
which is connected to the handle and has at least two axially mutually spaced 
electrodes. One electrode which is closer to the handle forms a proximal 

15 electrode and the other electrode which is further away from the handle forms 
a distal electrode. The electrodes respectively form an electrically conducting 
outside surface of the shaft and are axially separated from each other by an 
insulator. The outside diameter of the two electrodes and the outside diameter 
of the insulator are approximately the same. The shaft also has a fluid 

20 passage which extends in the interior of the shaft from the handle into the 
distal electrode so that proximal and distal electrodes are to be temperature- 
controlled by a fluid, for example they are to be cooled or pre-heated. In 
accordance with the main area of use reference is usually made hereinafter to 
cooling fluid or liquid. In particular situations of use that also means a fluid for 

25 temperature-control or also heating of the probe. 

Surgical probes of that kind are basically known and serve for example 
for tissue ablation or coagulation. For that purpose the shaft with the two 
electrodes is inserted into body tissue. For example a high-frequency ac 
voltage is applied to the two electrodes, and that causes an alternating current 

30 in the body tissue surrounding the shaft and causes it to be heated. The high- 
frequency current and the electrode geometry are so selected in that case that 
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the heating of the body tissue which occurs as a consequence of the high- 
frequency current results in cell death and thus tissue sclerosis. It is possible 
in that way to treat for example tumors. 

In order better to distribute the energy which is introduced into the 
5 body tissue and to prevent for example body tissue in the proximity of the 
electrodes from almost burning while scarcely any heat is still being produced 
at just a short distance from the electrodes, it is known for the electrodes to 
be cooled during delivery of the high-frequency current or heated to provide 
for ablation of the puncture passage. As cooling is particularly effective where 
10 the electrical field strengths are particularly high, it is possible in that way for 
heating of the body tissue to be more uniformly distributed to a greater 
volume. 

The desire to be able to provide for temperature control of the 
electrodes involves further problems in regard to the structure of the shaft of 

15 the surgical probe. On the one hand the cooling liquid can be conducting (for 
example physiological saline solution) so that the cooling liquid can result in 
short-circuits between the two electrodes in the interior of the shaft. On the 
other hand the fluid passage for the cooling fluid requires a hollow electrode 
structure so that, with the shaft being of a small diameter which is also 

20 desired at the same time, it is only with difficulty that all demands in terms of 
mechanical strength and sealing integrity of the shaft can be met. That is 
especially the case insofar as the shaft of the surgical probe is usually inserted 
into the body tissue for treating same. 

The known approaches for equally well satisfying all demands on a fluid- 

25 temperature-controlled surgical probe for interstitial thermotherapy are for the 
most part not totally satisfactory. Therefore the object of the invention is to 
provide a surgical probe which has good cooling properties, which has good 
electrical properties, which enjoys high mechanical strength and which in 
addition affords sealing integrity at high fluid pressures. 

30 According to the invention that object is obtained by a surgical probe of 

the kind set forth in the opening part of this specification, in which the shaft 
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has a distally closed hollow body which is connected to the handle, forms the 
distal electrode and carries the insulator and the proximal electrode. That 
shaft also has an insulating layer which is arranged in the radial direction 
between the hollow body and the proximal electrode. 
5 The hollow body is preferably of an integral nature. A particularly 

preferred, integral hollow body is produced by welding a first tubular 
component to a second component forming the closed distal end. 

More specifically it has been found that it is possible for an electrical 
insulating layer which basically adversely affects cooling of the proximal 

10 electrode to be so designed that heat conduction is in practice not adversely 
affected by the insulating layer. 

In order to adversely affect cooling of the proximal electrode to the 
least possible extent, the insulating layer is preferably only a few micrometers 
thick, for example between 1 and 10 i^m. 

15 The insulating layer is preferably arranged both between the hollow 

body and the proximal electrode and also between the hollow body and the 
insulator. In an alternative configuration which is particularly preferred in 
particular also from manufacturing points of view, the insulating layer is 
formed by shrink tube. 

20 The insulator and preferably also the proximal electrode are preferably 

each in the form of a tube of a substantially uniform wall thickness so that the 
insulator and the proximal electrode are to be pushed on to the hollow body 
and the shrink tube which is shrunk on to the hollow body. 

The hollow body preferably has a portion of an enlarged outside 

25 diameter where the hollow body forms the distal electrode. Proximally of that 
portion the hollow body is preferably of a smaller diameter. The shrink tube 
can be pushed on to and shrunk on that portion of the hollow body of smaller 
diameter. Then the insulator and the proximal electrode can be pushed on to 
that portion. The diameters of the hollow body, the insulator and the proximal 

30 electrode are preferably such that the inside diameter of the insulator and the 
proximal electrode permit them to be pushed on to the shrink tube. In 
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addition the outside diameter of the portion of the hollow body of enlarged 
diameter, which forms the distal electrode, as well as the outside diameters of 
the insulator and the proximal electrode are equal to each other as much as 
possible, thus affording a shaft with an outside diameter which is equal 
5 throughout as much as possible. Approximately equal means in this case that 
the outside diameters of the distal electrode, the insulator and proximal 
electrodes should correspond to the limits of manufacturing accuracies. For 
such an embodiment the proximal electrode is preferably in the form of a 
metal tube with outside and inside diameters which are substantially equal 

10 over its length, that is to say also of substantially equal wall thickness. The 
expression 'substantially equal' does not exclude bevels and screwthreads at 
the proximal electrode, any more than manufacturing inaccuracies. 

In an alternative configuration the outside diameter of the proximal 
electrode decreases continuously from the handle in the direction of the distal 

15 end of the shaft, thus affording a for example conically shaped proximal 
electrode. 

The hollow body is preferably closed at its distal end so that no fluid can 
issue from the fluid passage in the region of the shaft. The fluid passage in the 
interior of the hollow body preferably extends to the closed end of the hollow 

20 body and in a particularly preferred variant is of a diameter which is equal 
throughout. The fluid passage can be easily produced in that way. 

The surgical probe also preferably has a hose in the interior of the fluid 
passage, which has a mouth opening in the proximity of the closed end of the 
fluid passage and which is so arranged and connected that a cooling fluid is to 

25 be passed through the hose into the proximity of the distal end of the fluid 
passage, there issues from the mouth opening of the hose and can flow back 
between the hose and the wall of the fluid passage to the proximal end of the 
shaft. 

For that purpose the hose is of an outside diameter which is smaller 
30 than the inside diameter of the fluid passage. In that way it is possible to 
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easily produce a feed for the cooling fluid to the distal end of the fluid passage 
by inserting a suitable hose. 

At its distal end the shaft of the surgical probe is preferably shaped to a 
point on the outside in order to permit easy insertion of the shaft into body 
5 tissue. 

At its proximal end the shaft is connected to the handle and is there 
preferably partially embedded in sealing material in such a way that the tube 
forming the proximal electrode, at the proximal end thereof, is completely 
embedded in the sealing material while the proximal end of the hollow body 
10 projects from the sealing material. In that case the proximal electrode is 
preferably electrically contacted within the sealing material, that is to say 
connected to an electric line, by means of which the proximal electrode can be 
connected to a high frequency generator. Short-circuits between the proximal 
electrode and the hollow body can be effectively prevented by means of the 
15 sealing material even when an electrically conducting cooling fluid is 
introduced into the shaft by way of the handle of the surgical probe. 

The proximal end of the hollow body preferably projects beyond the 
proximal end of the proximal electrode and thus extends further into the 
handle so that the hollow body and therewith also the distal electrode can be 
20 electrically contacted in the proximity of the proximal end of the hollow body. 

The invention will now be described in greater detail by means of an 
embodiment by way of example illustrated in the Figures in which: 

Figure 1 shows a surgical probe according to the invention with handle 
and shaft, 

25 Figure 2 shows a view in longitudinal section of the surgical probe of 

Figure 1, 

Figure 3 shows a view in longitudinal section on an enlarged scale of the 
distal end of the shaft of the surgical probe of Figures 1 and 2, 

Figure 4 shows a portion from Figure 3 on a still further enlarged scale, 

30 and 
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Figure 5 is a view in longitudinal section on an enlarged scale showing 
the proximal end of the surgical probe of Figures 1 and 2. 

The surgical probe 10 shown in Figure 1 has an elongate shaft 12 which 
in its proximal end is connected to a handle 14. Provided at the distal end of 
5 the shaft 12 are two electrodes 16 and 18, namely a distal tip electrode 16 
and a proximal electrode 18. An insulator 20 is arranged between the two 
electrodes. The electrodes 16 and 18 and the insulator 20 are of 
approximately the same outside diameter. Also provided in the proximal 
direction is an outer insulating layer 22 which provides that the effective 
10 electrode surface area of the proximal electrode 18 is of a similar size to the 
effective electrode surface area of the distal electrode 16. 

In a preferred variant the proximal electrode surface area is about 10%, 
greater than the distal electrode surface area in order to compensate for 
adverse cooling effects in respect of the proximal electrode as a consequence 
15 of the insulating layer. 

Figure 2 shows a view in longitudinal section of the surgical probe 10 
from Figure 1. It will be seen that the handle 14 has a cavity 24 and in 
addition the shaft 12 is hollow in the interior over the major part of its length. 
The cavity forms a fluid passage 26 which is in fluid communication with the 
20 cavity 24. 

The enlarged view in longitudinal section of the distal end of the shaft 
12 shows in detail the structure of the shaft 12: component parts of the shaft 
12 are an elongate hollow body 30 with a cavity in its interior which serves as 
the fluid passage 26 in itself, a distal end 32 of enlarged diameter and a 
25 proximal portion 34 of smaller outside diameter; as well as an inner insulating 
layer 36, an insulator 38 and a metal tube 40 forming inter alia the proximal 
electrode. At its distal end the metal tube 40 carries the outer insulating layer 
22. 

The outer surface of the distal portion 32 of the hollow body 30 forms 
30 the distal tip electrode 16. 
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The inner insulating layer 36 on the proximal portion 34 is formed by a 
shrink tube which is pushed externally on to the proximal portion 34 and 
which is of a wall thickness of between about 5 and 10 \x\r\. That wall thickness 
affords on the one hand good electrical dielectric strength and on the other 
5 hand heat conduction which is always still good between the proximal portion 
34 of the hollow body 30 and the metal tube 40. 

The insulator 38 and the metal tube 40 are pushed externally on to the 
shrink tube 36 in such a way that the insulator 38 is arranged in the 
longitudinal direction between the distal portion 32 of the hollow body 30 and 
10 the metal tube 40. The insulator 38 comprises for example a thin, heat-stable 
plastic tube, for example of PTFE or PEEK. 

The outer insulating layer 22 which is applied externally to the metal 
tube 40 is also formed by shrink tube. The outside surface of the metal tube 
40, which is bare between the insulator 38 and the outer insulating layer 22, 
15 forms the proximal electrode 18. 

An electrical connection of the distal electrode 16 to an electrical 
connection in the handle 14 is afforded by way of the proximal portion 34 of 
the hollow body 30. The hollow body 30 comprises metal. 

The proximal electrode 18 is electrically connected by way of the metal 
20 tube 40 to an electrical connection in the interior of the handle 14. 

Arranged in the fluid passage 26 in the interior of the hollow body 30 is 
a plastic hose 42, through which a cooling fluid can be passed into the 
proximity of the distal end of the fluid passage 26. The cooling fluid then flows 
back to the handle 14 on the outside of the plastic hose 42 between the plastic 
25 hose 42 and the inside wall of the fluid passage 26 in the interior of the hollow 
body 30. 

The fluid passage 26 is formed by a bore in the interior of the hollow 
body 30 which for reasons relating to production engineering is preferably of 
the same diameter throughout. 
30 The portion of the longitudinal section from Figure 3 shown in Figure 4 

on an enlarged scale illustrates in even greater detail the relative arrangement 
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of the hollow body 30 with distal portion 32 and proximal portion 34 as well as 
fluid passages 36 therein relative to the plastic hose 42 on the one hand and 
the inner insulating layer 36, the insulator 38 and the metal tube 40. 

The view in Figure 5 in longitudinal section, on an enlarged scale in 
5 relation to Figure 2, shows the handle 14 in longitudinal section together with 
the proximal end of the shaft 12. 

In regard to the shaft 12 it is worth noting that the metal tube 40 
extends proximally into the handle 14 further than the outer insulating layer. 
In addition the inner insulating layer 36 extends into the interior of the handle 

10 14 further than the metal tube 40. The hollow body 30 even extends into the 
interior of the handle 14 considerably further than the inner insulating layer 36 
and on the other side of the proximal end of the inner insulating layer 36 has 
a transverse bore 44, through which liquid can issue outwardly from the cavity 
forming the fluid passage 26 in the interior of the hollow body 30. 

15 Finally the plastic hose 42 projects proximally out of the fluid passage 

26 so that the plastic hose 42 can be connected for example to a pump for a 
cooling fluid. The cooling fluid is best conveyed by the pump to the distal end 
of the plastic hose 42, there issues from a mouth opening of the plastic hose 
42 and flows between the outside wall of the plastic hose 42 and the inside 

20 wall of the fluid passage 36 back into the handle 40 in order there to issue 
from the fluid passage 26 by way of the transverse bore 44. 

At the location where the outer insulating layer 22 and the metal tube 
40 proximally terminate, the shaft 12 is enclosed by an electrically insulating 
sealing material 46. The proximal end of the metal tube 40 is electrically 

25 contacted within the insulating sealing material 40 so that it is to be connected 
by means of a cable 48 to one pole of a generator for a high-frequency 
voltage. 

The proximal end of the hollow body 30 is electrically connected to a 
second cable 50, by means of which an electrical connection is to be made to 
30 a second pole of a generator for high-frequency voltage. 
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In regard to the structure of the handle 14 it can be seen from Figure 5 
that a distal end portion 52 of the handle 14 forms a first sub-holding means 
for the shaft 12. A proximal holding portion 54 is inserted in an opening at the 
proximal end of the distal end 52 and forms a second holding means for the 
5 shaft 12. The unit comprising the distal end portion 52 and the proximal 
holding means 54 is pushed into a distal opening of a hand portion 56. 

The distal end portion 52 and the proximal holding means 54 enclose 
the cavity 24. The transverse bore 44 is also arranged in that cavity 24 in the 
hollow body 30 so that cooling fluid issuing from the fluid passage 26 flows 
10 into the cavity 26 and can flow away by way of a conduit 60 inserted into a 
through bore 58 in the proximal holding means 54. A second through bore 62 
in the proximal holding means 54 serves as a ducting means for the cable 48 
and is moreover sealed off with sealing material. 
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